Abstract Criminal justice contact-defined as lifetime arrest, parole, or incarceration, seems to exacerbate chronic conditions, and those who are most likely to have had contact with the criminal justice system, such as Black adults, often already have pre-existing disproportionately high rates of stress and chronic conditions due to the social determinants of health that affect underrepresented minorities. Findings from this study suggest that there is a mechanism that links the stressors among Black adults manifested by such factors as family, financial, neighborhood, and personal problems with criminal justice contact to obesity-related health status. Using the National Survey of American Life (NSAL), modified Poisson regression analyses were used to determine the association between criminal justice contact, stressors, and obesity-related health problems among a national sample of Black adults (n = 5008). In the full model, the odds of experiencing obesity-related health problems for Black adults who had criminal justice contact was reduced (PR, 1.23 to 1.14) and not statistically significant. Black adults who reported experiencing family stressors (PR, 1.21; 95% CI, 1.08, 1.36), financial stressors (PR, 1.30; 95% CI, 1.16, 1.47), and personal stressors (PR, 1.16; 95% CI, 1.02, 1.31) were statistically significant and higher than those who reported not experiencing any of these stressors; neighborhood stressors was not statistically significant. The evidence suggests a relationship between the stressors associated with criminal justice contact and obesity-related health status. These findings emphasize the need to further explore the family, financial, and personal stressors for Black adults with criminal justice contact in order to further our understanding of their obesity-related health problems.
Introduction
The US criminal justice system may mitigate racial/ethnic health disparity through a stress process that possibly increases an individual's vulnerability to chronic conditions [1, 2] . Criminal justice contact-defined as lifetime arrest, parole, or incarceration, seems to exacerbate chronic conditions [3, 4] , and those who are most likely to have had contact with the criminal justice system, such as Black adults, often already have pre-existing disproportionately high rates of stress and chronic conditions due to the social determinants of health that affect underrepresented minorities [5] [6] [7] [8] . Those pre-existing chronic conditions were worsened by the criminal justice contact and manifested into a 2-year decline in life expectancy for each year of being in contact with the criminal justice system [4] .
In 2011-2012, an estimated 40% of persons with criminal justice contact reported having a current chronic condition, to include cancer, high blood pressure, stroke-related problems, diabetes, heart-related problems, kidney-related problems, arthritis, asthma, and cirrhosis of the liver [3] . Schnittker and John [9] found that persons with criminal justice contact had an increased risk of experiencing a physical health problem following their release regardless of the levels of the contact. Massagolia [10] also found that persons with criminal justice contact had increased levels of stress-related health outcomes regardless of the amount of the criminal justice contact. Binswanger et al. [11] found that persons who have had criminal justice contact have a higher likelihood of experiencing hypertension and cardiovascular disease. They also found that the majority of persons with criminal justice contact (74%) were overweight or obese; females with criminal justice contact experienced lower rates of being overweight but higher rates of being obese.
On the other hand, even without criminal justice system contact, Black adults' higher rates of obesity, which was significantly linked to obesity-related health problems, was higher than all other races/Hispanic origins and at all age ranges. Black women were more likely to be obese than Black men. For both Black men and women, the prevalence of obesity was highest for the age group 20 to 39 [12] . Those who were married were more at risk for obesity [13] . These Black adults live in the USA, which is considered a highincome and developed country with the highest number of obese people when compared with other countries [14, 15] . Some of the patterns of obesity have been observed through socioeconomic status, which have been identified as having an inverse association with obesity in developed countries like the USA [16] . Other patterns are observed in biocultural behaviors and may help to shape the epidemiology of obesity among Black adults. Some of the cultural beliefs concerning eating patterns, view of physical activity, being overweight and perceived risk of shortage of food supply influence the etiology of obesity among Black adults [17] . There has also been some recent examinations of the genetic biomarkers that are associated with obesity among Black adults [18, 19] .
Criminal Justice Contact, Stressors, and Obesity-Related Health Status
Contact with the criminal justice system can be classified as a major life event [20] that places a person in increased disadvantaged social roles [21] whereby increasing susceptibility to chronic stressors [2] . Chronic stressors occurring in several biopsychosocial domains (e.g., health, economics, crime, and race) have been reported to be higher among African Americans than Whites and also linked with health disparities [2, 5, 6, 10, [22] [23] [24] [25] [26] [27] . Stress has been documented as a contributor to imbalance in energy and increased appetite that enhances weight. Stress has been known to contribute to the promotion of fat storage in the visceral organs, i.e., stomach, intestine, colon, liver, spleen, pancreas, kidney, adrenal gland, appendix, and gall bladder-leading to increased weight gain through the alteration in food intake which increases a person's vulnerability to obesity-related health problems (ORHPs) [28] . Persons with criminal justice contact may experience stressful life events while living in disadvantaged environments that have higher crime rates that increase chronic stress exposure [10] , coupled with greater access to fastfood restaurants that serve low nutrient foods and less access to supermarkets with healthier food choice [29] . This level of exposure to stressors seems to make it difficult to cope while increasing access to high energy-dense foods with high fat content and the development of risk factors for chronic conditions including obesity-related health problems [30] [31] [32] [33] [34] .
The stress literature conceptualized exposure to chronic stressor as the stress experienced through social roles or life events [35] . The Bvulnerability^formulation of the life stress paradigm purported that the association between sociopersonal life events and adverse health changes are attenuated by the impact of pre-existing stressful life events that may make an individual vulnerable [36] . The stressful life events may be experienced via the primary stress pathway of contact with the criminal justice system in prison-such as isolation from family [37] , and the secondary stress pathway of release from the criminal justice system-such as financial, environmental, and personal issues [24] . These high stress pathways have been associated with poor diet quality to include low intake of fruits and vegetables and increased consumption of snack foods low in nutrients in nutrients and binge eating which is associated with poor health status such as obesity-related health conditions [38, 39] .
There has been extensive research exploring the relationship between criminal justice involvement and health outcomes [9, 10, 40, 41] . However, despite the prevalence of chronic stressors and poor health status among Black adults who have had contact with the criminal justice system, the effect of stress associated with criminal justice contact has been overlooked in research on within-race obesity-related health status [1, 42] . There has been limited conceptualization on how the stressors associated with the rates of disparities in those who have had contact with the criminal justice system translates into the general population health disparities [43] . Also, when examining health disparities, there seems to be more variation within races than between races which warrants an examination of the within-race differences in health outcomes and the role of stressors and criminal justice contact [44] .
The main objective of this study is to examine how criminal justice contact and stressors are related to obesity-related health outcomes and the differential association among Black adults (African Americans and Caribbean Blacks). Although research has established a connection between criminal justice contact, stress, and obesity-related health outcomes such as hypertension, stroke, etc., to the best of the authors' knowledge, no previous studies have explicitly examined the relationship among Black adults. This is important because many Black adults who have had contact with the criminal justice system are also exposed to chronic stressors which have been linked with obesity-related health problems.
Methods Sample
The National Survey of American Life (NSAL) was designed to understand intra-and inter-group racial and ethnic differences in mental disorders, psychological distress and informal and formal service use, as they are manifested in the context of a number of different stressors, risk and resilient factors, and coping resources, among a national sample of diverse adults, with a focus on African Americans and Caribbean Blacks. [45] . Although this is a dated dataset, Jackson and Caldwel [46] reported that the NSAL is the results of successful data collection within Black communities and is currently the most comprehensive large national survey of ethnically diverse Black populations. This included the utilization of multiple methodological innovations for conducting research within Black communities, to include the Wide Area Screening Procedure (WASP). The WASP is a screening mechanism that assists with the identification of Blacks who live in areas where there are few Blacks [47] .
The NSAL employed a multistage probability methods to generate the samples from 252 geographic areas across the USA. The sample of respondents was generated through a four-step sampling process. The NSAL conducted interviews that lasted approximately 2 h and 20 min and were conducted using laptop computer-assisted personal interview methods in the homes of respondents. Race-ethnic matching of interviewer and respondents, along with community-based interviewers, were utilized in 86% of the interviews conducted. Approximately 14% of the interviews were conducted via the telephone either partially or entirely [45] . The NSAL represents a national household probability sample of African American (n = 3570), Black Caribbean (n = 1438), and nonHispanic White (n = 891) adults. For this study, data were extracted from the restricted-use dataset of the NSAL for the sample of 3570 African American and 1438 Caribbean Black (collectively identified as Black adults) US citizens, who were 18 years or older. Data from the NSAL were made available through the Inter-University Consortium for Political and Social Research (ICPSR) at the University of Michigan (http://www.icpsr.umich.edu/).
Primary Outcome Measure
The primary outcome measure was ORHPS. Assessment of ORHPs was collected from respondents' answers to questions regarding ever being told by a professional that they had either diabetes, blood circulation problems, hypertension, heart problems, or stroke (1 = yes; 0 = no).
Preliminary Outcome Measure and Covariate
Criminal Justice Contact Respondents were asked a series of questions regarding their contact with the criminal justice system such as ever being arrested (adult or juvenile), ever in any type of correctional facility (adult or juvenile), or whether they were currently on parole which was dichotomized as a measure of criminal justice contact based on responding yes or no to either one (1 = yes; 0 = no).
Covariates
Family Stressors Family stressors (1 = stressed; 0 = not stressed) were assessed from responses to the following three questions, BOver the past month have you had family or marriage problems; BOver the past month have you had problems with children^; and, BOver the past month have you had problems with love life?N eighborhood Stressors Neighborhood stressors (1 = stressed; 0 = not stressed), were assessed from responses to the following two questions: BHow often are there problems with muggings, burglaries, assaults or anything else like that in your neighborhood?^and BHow much of a problem is the selling and use of drugs in your neighborhood?F inancial Stressors Family stressors (1 = stressed; 0 = not stressed) were assessed from responses to the following three questions, BOver the past month have you had money problems; BOver the past month have you had job problems?^; and BHave you or any member of your family living here received food stamps?P ersonal Stressors Personal stressors (1 = stressed; 0 = not stressed) were assessed from responses to the following three questions: BOver the past month had you been a victim of a crime?^; BOver the past month did you have problems with police^; and, Over the past month have you been treated badly because of your race?Ĵ Demographic The demographic variables included gender (1 = male; 0 = female), age (in years), education (1 = high school graduate or more; 0 = less than high school graduate), household income (1 = ≥$30,000; 0 = <$30,000), employed (1 = employed; 0 = not employed), marital status (1 = married; 0 = not married), and US born (1 = yes; 0 = no).
Statistical Analysis
Sample characteristics were summarized for the entire sample (Table 1) . Factor analysis was utilized to determine the variable relationships among the stressor variables. Due to the binary nature of the stressor variables, the analysis was performed by first utilizing polychoric correlation using the user-written command polychoric in STATA. After the polychoric correlation matrix was developed, we performed exploratory and confirmatory factor analyses using the matrix as input [48] . The item correlations that fell around 0.60 with their respective domain were maintained while those items that correlated poorly were deleted [49] . The results of the final factor analysis revealed that the items loaded well with their respective domains as intended (range of 0.64 to 0.73). Although Nunnally [50] recommended that an alpha coefficient of 0.70 or higher is considered acceptable, Hudson [51] asserted that an alpha coefficient of 0.60 or greater is usually an acceptable range in nomothetic research, also based on number of items in each domain with higher alpha coefficient expected for higher number of items [49] . Additionally, Rao-Scott chi-square and Student's t test statistics are used to compare Black adults with ORHPs with those reporting none ( Table 1) . The medical and public health literature have identified that when the outcome variable has an incidence of 10% or more, prevalence ratio estimations should be utilized in order to reduce overestimation [52, 53] . Hence, in our preliminary exploration (Table 2) , modified Poisson regression analyses [54] were performed to determine the prevalence ratio of reporting having criminal justice contact with the association of family, neighborhood, financial, and personal stressors (Model 1) and the association of family, neighborhood, financial, and personal stressors with the addition of sociodemographics and socioeconomic status. Further modified Poisson regression analyses (Table 3) were performed to determine the prevalence ratio of reporting ORHPs with the association of criminal justice contact (Model 1); the association of criminal justice contact, sociodemographics and socioeconomic status (model 2); the association of family, neighborhood, financial, and personal stressors (model 3); the association of family, neighborhood, financial, personal stressors, sociodemographics, and socioeconomic status (model 4); and the association of criminal justice contact, sociodemographics, and socioeconomic status with the addition of family, neighborhood, financial, and personal stressors (model 5). Statistical procedures accounted for the complex multistage probability sampling design of NSAL incorporating weights and design factors. All of the analyses for the study were performed using the complex survey design feature in STATA version 14 [55] . P values less than 0.05 were considered significant. Further modified Poisson regressions, identified that Black adults who had contact with the criminal justice system was associated with 1.02 (95% CI, 0.92, 1.13) higher odds of experiencing obesity-related health problems than those who had no contact with the criminal justice system although it was not statistically significant (Table 3 , Model 1). When the model adjusted for the association of sociodemographic and socioeconomic statuses, the odds of experiencing ORHPs for Black adults who had contact with the criminal justice system (PR, 1.23; 95% CI, 1.08, 1.40) became statistically significant and higher than those who had no contact with the criminal justice system. Black adult males (PR, 0.80; 95% CI, 0.72, 0.88) were associated with decreased odds of experiencing ORHPs compared with Black adult females. Black adults who were older (PR, 1.03; 95% CI, 1.03, 1.04), who were married (PR, 1.20; 95% CI, 1.08, 1.32), and who were born in the USA (PR, 1.51; 95% CI, 1.28, 1.79) were associated with greater odds of experiencing ORHPs (Table 3 , Model 2).
Black adults who reported experiencing financial stressors (PR, 1.16; 95% CI, 1.04, 1.30) were associated with higher odds of experiencing ORHPs than those who did not report experiencing any financial stressors; family, neighborhood, 
Discussion
This current study empirically examined how criminal justice contact and stressors are related to obesity-related health outcomes and the differential association among Black adults. The initial examination of the relationship between criminal justice contact and stressors revealed that all four stressors (familial, neighborhood, financial, and personal) were associated with a higher prevalence ratio of coming in contact with the criminal justice system. Further exploration in the adjusted model, which included both sociodemographic and socioeconomic categories, showed that the odds of coming in contact with the criminal justice system increased for those Black adults who were experiencing family and financial stressors but decreased for those who reported experiencing neighborhood and personal stressors. Other studies have postulated that a person's life stressors are linked to an increased probability of having contact with the criminal justice system [56] [57] [58] . The unadjusted model showed that criminal justice contact was not associated with higher odds of experiencing ORHPs although financial stressor was a significant factor. In the adjusted model, an association between criminal justice contact and higher odds of experiencing ORHPs was identified as the Bvulnerability burden^of being female, older, married, and born in the USA was added to the model-similar results were asserted in other studies. Herbert et al. [59] found that obesity was more prevalent among female than male with criminal justice contact, which increases risk for ORHPs. Gates and Bradford [60] reported that female with criminal justice contact were more likely to gain weight than their male counterparts possibly due to their level of lower level of energy intake and atypical antipsychotic medications. Klimentidis et al. [18] reported that central adiposity, or belly fat, associated with obesity was negatively associated with Black adults being of West African ancestry among Black adult men but not among Black adult women. These results suggest that the Black adult male gender coupled with West African ancestry is associated with reduced chance of gaining the belly fat linked to obesity. This further suggests that genetic predispositions may partially explain the with-in race disparity that exists among Black adults.
When taken into consideration the role of age, Carson and Sabol [61] showed that the criminal justice contact population, during the period 1993 to 2013, aged at a rate higher than the general US population. The aging criminal justice contact population, on average, have earlier onset of chronic conditions to include ORHPs [62] . Although marital status is considered an indicator of social support which is inversely related to ORHPs, being married is associated with higher BMI which is positively related to ORHPs [13] . Individuals who are married are less likely to be concerned about their weight as they are not actively in the marriage market and not trying to attract a partner. Consequently, they may experience increased weight gain as they have a consistent partner with whom to eat frequent and regular meals, leading to weight gain [63] . The marital quality has been identified as poor for couples where one of the member's experience criminal justice contact during the marriage. Researchers have speculated that the criminal justice contact during marriage may influence a change in the way spouses interact while reducing their shared household's support system [64] . This may lead to emotional eating caused by the negative affect which has been identified as an important contributor to ORHPs [65, 66] . The association with being born in the USA may be connected to the USA having the second highest criminal justice contact rate in the world accounting for 2.2 million persons in prison representing a 14% increase [67] , and persons with criminal justice contact reported ever having a ORHPs 1.5 times more than the general population [3] .
The vulnerability burden of age, being married, and being born in the USA produced an association between family and financial stressors and higher odds of experiencing ORHPs, while personal stressors remained associated-these results have been maintained in previous studies. When examining neighborhood environments and obesity, Powell-Wiley et al. [68] found that an increase in BMI was associated with negative perceptions of built environment in the neighborhoods and not with the violence or level of cohesion in the neighborhoods. This possibly accounts for the results of this study that show no association between neighborhood stressors and obesity-related health problems since we did not assess for experiences of the physical environment in the neighborhood. Black adults are faced with more chronic stressors throughout the life course that might advance the association between obesity-related health problems and age. Zajacova and Burgoard [69] found that as a person aged from their early 30s to early 50s, their body weight increased and their physical health status gradually declined. They also found that the onset of weight gain for Black adults occur earlier than white adults causing them to gain more as they increase in age. Married persons with criminal justice contact have also been identified as having increased stressors that include maintenance of intimacy and commitment, economic stability, family role transformations, and psychological changes that are associated with physical health status [2, 10, [70] [71] [72] .
When results were further tested in the full model, the vulnerability burden of family, financial, and personal stressors seemed to overshadow the relationship between criminal justice contact and ORHPs-the literature corroborates these findings. While the criminal justice contact rates of all demographic groups are impacted, various subgroups of the population are disproportionately affected [27] . Living as a subordinate member of society who has had criminal justice contact and with certain sociodemographic characteristics has been identified as additional stressors that are associated with physical health status [10, 24, 73] . Black females had a 1.6 to 4.1 higher odds of having criminal justice contact than white females across all age groups while Black men had a 3.8 to 10.5 greater odds of having criminal justice contact than white men and a 1.4 to 3.1 increased odds than Hispanic men [74] . Criminal justice contact has been reported to be related to stressors of transition that are associated with events that require major adjustments in behavior in a relatively short period of time [35, 75] . It seems that the results of the full criminal justice contact experience, to include family, financial, and personal stressors, may be associated with obesity-related health outcomes.
A link has been identified between stress and increased consumption of fatty and sweet foods and calories which exacerbates weight gain associated with obesity-related health problems [76, 77] . The stressors associated with families with criminal justice contact seem to outweigh the actual association of ORHPs with criminal justice contact. It has been found that families with members who have had criminal justice contact were more likely to have children with academic, psychological, and behavioral difficulties [78] and increased episodes of domestic violence and increased likelihood of a partner engaging in extramarital relationships [79] . Carr and Friedman [80] observed that family relationships declined in their quality of engagement as there was an increase in BMI which accompanies ORHPs. Persons with criminal justice contact also experience financial stressors, which is associated with ORHPs, with nearly 65% of families with a member with criminal justice contact reporting extreme difficulties meeting their basic family needs. deVuono-Powell et al. [81] found that 49% reported having difficulty meeting basic food needs and 48% reported meeting basic housing needs due to the financial costs associated with the criminal justice contact.
Part of the financial stressor associated with ORHPs is observed in the food stamp cycle hypothesis which argues that participants in the food stamp program engage in an overconsumption feast directly after receiving benefits and then engage a famine later in the month that leads to increased weight over time [82] . Researchers have found that the food stamp program is associated with an increase in BMI for men and women which are connected to ORHPs [83, 84] . The personal stress associated with perceived discrimination has been documented by criminologists showing that 53% of ethnic/ minority persons with criminal justice contact believed that they had experience some form of racial discrimination [85] . Researchers also found that perceived discrimination by the police or due to race was positively associated with weight gain [86] . Racial discrimination, as a psychosocial stressor, has been reported to be associated with weight gain. The stress associated with racial discrimination may produce a preference for fatty and energy-dense meals as a means to cope causing an increase in weight related to ORHPs [87] .
In this study, the vulnerability burden formulation of the life stress paradigm manifested as the association between criminal justice contact and ORHPs was attenuated by the relationship between family, financial, and personal stressors [36] . A person's criminal justice contact seemed to underscore their vulnerability to family, personal, and financial stressors which may have influenced the association with ORHPs. The applicability of the vulnerability burden formulation relative to the association between criminal justice contact and ORHPs was indicated relevant due to the relationship between the vulnerability status of Black adults reporting family, personal, and financial stressors coupled with sociodemographic factors [88] . Similar to other studies, on average, the odds of a Black adult's obesity-related health problems increased as there were changes in their criminal justice contact relative to stressors and sociodemographic influences [11, 89, 90] .
Limitations
Although this study was intended to add to the body of knowledge in the area of Black adult criminal justice contact and its relationship with stress and obesity-related health problems, several limitations should be acknowledged. First, this study was observational and based on cross-sectional data which is limited in interpreting causal relationships and no directionality of relationships can be inferred. A longitudinal study following a cohort of 18-year-old Black adults through their adulthood would better extricate the trajectories of criminal justice contact, stressors, and ORHPs over the life course. In addition, although the Poisson models we used were adequate in terms of goodness of fit, more optimally specified models, like propensity score models, could identify possible confounders or selection bias in reference to history of criminal justice contact. A sample with Black adults who identity a more normative level of exposure to personal stressors (based on stress-distress literature for Black adults) may have provided a stronger support for the model [91] and allowing for a more stratified look at the sample. Consequently, the results from this sample of Black adults most likely underestimated the association between criminal justice contact, stress, and obesity-related health problems. The crude measures for stressors that are used in the study does not seem to adequately capture the complex interplay of personal, familial, neighborhood, and financial stressors experienced in lives of Black adults. The NSAL sample excluded persons who were institutionalized in prisons, jails, nursing homes, and long-term care facilities, excluded any persons serving in the military who lived in non-civilian housing, and excluded persons who were unable to complete the interview in English; therefore, the results are not generalizable to those populations. This study's generalizability was confined to Black adults, so it should be replicated for other ethnic groups such as Africans who have migrated to America, Hispanics, Asians, or Whites.
Strengths
To the best of the authors' knowledge, this is the first study to investigate the relationship between criminal justice contact and obesity-related health problems while taking into consideration the vulnerability burden of stressors among Black adults representing both African Americans and Caribbean Blacks. We took into consideration the heterogeneity of the pre and postcriminal justice contact of Black adults to examine the role of stress and sociodemographic/SES status in the contribution of obesity-related health outcomes. Examining the with-in race differences sheds light on some of the characterization of the stress associated with criminal justice contact distinctive to Black adults. Although this was a crosssectional study, access to the NSAL restricted data allowed for rich information regarding criminal justice contact and stressors among Black adults that is not readily accessible.
Conclusion
This study contributes to the public health literature around prevention of obesity-related health problems, because it is the first to examine the relationship of stress and criminal justice contact with obesity-related health problems utilizing a representative sample of Black adults (including African Americans and Caribbean Blacks). There seems to be a link between criminal justice contact, stressors, and sociodemographic/SES status which could make Black adults more susceptible to chronic stress that translate into physical health problems [10, 92] . Our analyses allowed us a rare opportunity to explore possible sources of obesity-related health disparities among Black adults through self-reported measures of obesity-related health, stress, criminal justice contact, and sociodemographic/SES measures. Findings from this study suggest that there is a mechanism that links the stressors, i.e., family, financial, and personal issues, associated with criminal justice contact to obesity-related health status. These findings emphasize the need to further explore the family, financial, and personal stressors for Black adults with criminal justice contact in order to further our understanding of their obesity-related health problems.
